10/535412 

DESCRIPTION 

F IELD-EFFECT TRANSISTOR 
Technical Field 

[0001] The present invention relates to a 

5 field-effect transistor (FET) and, more 

particularly, to an FET comprising semiconductor 
layers containing organic substances. 
Background Art: 

[0002] Generally, in the case of a thin film 

10 organic FET using organic semiconductors, organic 

semiconductor layers can be formed by a simple 
process such as a printing method, a spray method, 
or an ink-jet method, therefore, the cost is 
considerably lower than that of an FET using 

15" inorganic semiconductors. Moreover, since there 

is a possibility that a light and thin integrated 
circuit having a large area may be formed easily, 
the application thereof to a liquid crystal 
display, an organic EL display, an IC card, etc., 

20 is expected. 

[0003] Recently, the mobility of carrier of 

the organic semiconductor is increased and those 
having the mobility of carrier as high as that of 
the amorphous silicon have been found. The 

25 research on how to put to practical use an FET 

using organic semiconductors having such a high 
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mobility is extensively being carried out. 
Specifically, organic materials that exhibit a 
high mobility and are currently available include 
pentacene, polyal kylthiophene , etc., as a result, 
5 a great progress in the development of the organic 

FETs has been found. 

[0004] However, even though these materials 

are used, such a high mobility as that of the 
amorphous silicon can be obtained only when the 

10 materials are molecular substances and are used in 

the form of a single crystal. If the entire 
semiconductor layer is made up of a single crystal, 
it is extremely difficult to manufacture a large 
integrated circuit at a low cost. On the other 

15 hand, organic semiconductors made of . 

polycrys t alline and amorphous polymers cannot be 
put to practical use because of the mobility 
incommensurably lower than that of a single 
crystal due to, for example, the loss of scattered 

20 electrons at grain boundaries. Therefore, in 

order to prevent a material from being brought 
into a polycrystalline state, in other words, to 
prevent occurrence of crystal defects, a 
considerable amount of man-hours are paid for 

25 purification of the material to reduce the 

concentration of impurities in an organic 
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semiconductor layer as much as possible. 
[0005] In order to solve these problems, a 

proposal is made in which the mobility of a 
sexi thiophene evaporated film, which is an organic 
semiconductor layer, is increased by using 
cyanoethyl pullulan as a material for a gate 
insulation film in an FET structure (refer to 
Patent document 1) . 

[0006] Patent document 1: Japanese Patent No. 

2984370 

Disclosure of the Invention 

Problem to be Solved by the Invention 

[0007] However, the inventors of the present 

invention examined in detail the characteristics 
of the conventional organic FET described above, 
in which cyanoethyl pullulan was used for a gate 
insulation film, and found the following problems. 
As described in Patent document 1 described above, 
if cyanoethyl pullulan is used for a gate 
insulation film, the drain current can be 
increased but the responsiveness to the 
increase/decrease in the drain current to the 
change of the gate voltage and the stability are 
insufficient. Specifically, according to the 

additional test conducted by the inventors of the 
present invention, it was found that after the 
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application of the gate voltage, it took more than 
tens of seconds until the drain current was 
stabilized. Moreover, an unstable behavior was 
observed, in which the drain current that had 
gradually increased began to decrease as time 
eJLapsed. 

[0008] When the responsiveness to the drain 

current to the change of the gate voltage and the 
stability are insufficient, it is actually 
extremely difficult to control the current flowing 
between the source electrode and the drain 
electrode to a desired quantity using the gate 
voltage and it is substantially impossible to 
obtain desired transistor characteristics. In 
other words, in the case of the conventional 
organic FET in which cyanoethyl pullulan is used 
for a gate insulation film, the effect of the 
increase in the drain current is marked and it may 
not be possible to realize a practical organic FET 
without changing the conventional configuration. 

[0009] The conventional organic FETs other 

than those described above have a problem in that 
the current having flowed once decreases gradually 
as time elapses (for example, several seconds to 
several minutes), which is a characteristic 
inherent in an organic semiconductor layer, and 
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because of the low mobility, it is extremely 
difficult to obtain a sufficient quantity of the 
drain current. 

[0010] The above-mentioned problem being taken 

5 into consideration, the present invention has been 

developed and an object thereof is to provide an 
FET capable of preventing the change of the drain 
current as time elapses after the application of 
the gate voltage and obtaining a stable drain 
10 current for a long time. 

Means for Solving Problem 

[0011] In order to attain the above-mentioned 

object, the inventors of the present invention 
focused on the physical properties of a gate 

15 insulation film adjacent to an organic 

semiconductor layer and as a result of an 
intensive study, it was found that a drain 
current-gate voltage characteristic different from 
the conventional one could be obtained by 

20 providing a specific substance at the boundary 

surface between the organic semiconductor layer 
and the gate insulation film or in the vicinity 
thereof not on purpose to maintain the insulation 
nor to just increase the drain current. Based on 

25 this acquired knowledge, the inventors of the 

present invention further developed the research 
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and finally completed the present invention. 
[0012] An FET according to the present 

invention is characterized by comprising a gate 
electrode formed at one side of a base substrate, 
a source electrode formed at the one side of the 
base substrate, a drain electrode formed at the 
one side of the base substrate, an insulation 
layer formed between the gate electrode and the 
source electrode and between the gate electrode 
and the drain electrode, an organic semiconductor 
layer formed around (at the periphery of) the 
source electrode and the drain electrodes, and a 
reformed layer attached between the insulation 
layer and the organic semiconductor layer and 
containing a compound having the CN group in a 
molecule. The base substrate may be one that 
doubles as a gate electrode. Moreover, the 

reformed layer may be one attached between the 
insulation layer and the organic semiconductor 
layer and composed of only a compound having the 
CN group in a molecule. 

[0013] According to the FET having the above- 

mentioned configuration, it is confirmed that a 
stable drain current can be obtained despite an 
elapse of time because the reformed layer provided 
so as to be interposed between the insulation 



FP04-0176 



layer and the organic semiconductor layer contains 
a compound having the CN group (hereinafter 
referred to as the specific compound containing 
the CN-group) in the molecule. 

[0014] The details of the mechanism that 

brings about the function and effect described 
above are not made clear yet but if the fact is 
taken into consideration that no significant 
effect can be obtained from a structure in which 
the order of lamination of the insulation layer 
and the reformed layer is reversed^ that is,. a 
structure in which the insulation layer is 
provided between the reformed layer and the 
organic semiconductor layer, it can be thought 
that the function and effect is due to the 
interaction between the material making up the 
organic semiconductor layer and the specific 
compound containing the CN group at the boundary 
surface between the organic semiconductor layer 
and the reformed layer. 

[0015] More specifically, when the inventors 

of the present invention measured, using the 
method to be described later, the drain current- 
time characteristic of an FET not comprising a 
reformed layer, that is, an FET in which an 
organic semiconductor layer composed of pentacene 
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etc. was formed directly on an insulation film 
composed of a thermally-oxidized silicon film 
(Si02 film) , it was found that the drain current 
decreased considerably as time elapsed. Moreover^ 
it was found that the above-mentioned trend of the 
drain current in the decreasing direction was 
halted by the application of a reverse bias to the 
gate electrode. From these facts, it can be 
estimated that if the drain current flows, charges 
become more likely to be captured by the trap 
level of the organic semiconductor layer and the 
drain current decreases markedly mainly because 
carriers in the channel undergo Coulomb scattering 
caused by the charges. However, the functions are 
not limited to these. 

[0016] In contrast to this, it can be 

estimated that if the specific compound containing 
the CN group is contained in the reformed layer, 
charges that can be captured by the trap level of 
the organic semiconductor layer are caused to move 
so as to be injected into the specific compound 
containing the CN group from the vicinity of the 
boundary surface between the organic semiconductor 
layer and the insulation layer. It can be thought 
that because of the above, the extent to which the 
carriers in the channel undergo Coulomb scattering 
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is reduced drastically and the drain current is 
prevented from markedly decreasing as time elapses. 
However, the functions are not limited to these. 
[0017] In the manufacture of an FET having 

5 such a structure, an organic semiconductor layer 

is formed on a reformed layer by crystal growth 
etc., but in this case, the top surface of the 
reformed layer is a field for new creation. 
Conventionally, the insulation layer is the new 

10 creation field, therefore, there is a possibility 

that the state of the crys tallinity and the 
crystal in the vicinity of the above-mentioned 
boundary surface of the organic semiconductor 
layer may differ from the conventional state, and 

15 it can be estimated that this may contribute to 

the stabilization of the drain current described 
above. However, the functions are not limited to 
these . 

[0018] Specifically, it is preferable for the 

20 specific compound containing the CN group 

contained in the reformed layer to be expressed by 
the following chemical formula 1. 
[Chemical formula 1] 
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R2 

( NC4— R""— M — R^ 
(R^) ™ 



[0019] In the chemical formula, R*^ represents 

the alkylene group or the polymethylene group 
whose carbon number k is 1 to 20 and the alkylene 
group and the polymethylene group may have an 
ether linkage, n represents an integer of 1 to 2k, 
R^, R^, and R^ each represent an organic group 
whose carbon number is 1 to 20 independently of 
each other and at least one of R^, R^, and R^ is 
the alkoxy group whose carbon number is 1 to 5 or 
the alkylamino group having an alkyl chain whose 
carbon number is 1 to 20, and M represents at 
least one kind of atom of Si, Ti, and Al . When M 
is Si or Ti, m=l and when M is Al, m=0 . 
[0020] According to the knowledge of the 

inventors of the present invention, it can be 
estimated that charges tend to move excessively 
from the organic semiconductor layer into the 
reformed layer depending on the kind of the 
specific compound containing the CN group and the 
concentration of the compound contained in the 
reformed layer. Due to this, the state of charges 
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in the vicinity of the channel becomes unstable 
and it can be thought that the drain current 
becomes unstable as a result. 

[0021] In contrast to this, one of the 

5 specific compounds containing the CN group, which 

is expressed by the chemical formula 1, is a so- 
called silane coupling agent modified by the CN 
group, and it can be considered that the . use 
thereof for the reformed layer properly prevents 
10 charges from being injected excessively into the 

reformed layer and as a result, the state of 
charges in the vicinity of the channel can be 
prevented from becoming unstable. 

[0022] In particular, it is preferable for the 

15 reformed layer to contain 2-cyanoethylt r iethoxy 

silane as the specific compound containing the CN 
group. The 2-cyanoethylt riethoxy silane is more 
frequently used in the industry and more readily 
available in the market than other specific 
20 compounds containing the CN group , and, at the same 

time, by using this, it is possible to enhance the 
stability of the drain current to a sufficient 
level . 

[0023] Moreover, it is preferable for the 

25 concentration of the specific compound containing 

the CN group contained in the reformed layer to be 



11 



FP04-0176 



less than 83 mass%, or much preferably, 5 to 50 
mas s % . 

[0024] If the concentration is equal to or 

greater than 83 mass%, the drain current tends to 
increase/decrease extremely as time elapses when a 
constant gate voltage is applied continuously and 
as a result, the change in width of the drain 
current becomes markedly large. This can be 
considered because the specific compound 
containing the CN group is contained in the 
reformed layer in a state of being properly 
diluted and charges are prevented from being 
injected excessively from the organic 

semiconductor layer to the reformed layer. If the 
concentration is between 5 to 50 mass%, the 
variations in the drain current can be suppressed 
more strongly and the mobility in the organic 
semiconductor layer tends to be increased 
significantly and sufficiently and, as a result, 
the drain current can be increased sufficiently. 
[0025] Moreover, it is preferable for the 

reformed layer to have a thickness of 0.5 to 500 
nm, or much preferably, 0.5 to 100 nm. 
[0026] When the thickness is less than 0.5 nm, 

it tends to become more difficult to form a 
reformed layer having a sufficiently-enhanced 



12 



FP04-0176 



uniformity of thickness in the plane. However, it 
is preferable for the thickness of the layer to be 
uniform, but it dose not matter even if there is a 
small defective portion such as a pin hole in the 
reformed layer. 

[0027] On the other hand, under the conditions 

that the above-mentioned excessive injection of 
charges can be caused, or more specifically, in a 
state in which cyanoethyl pullulan is used for an 
insulation layer as conventionally, the inventors 
of the present invention varied the thickness of 
the cyanoethyl pullulan variously to manufacture 
an organic FET having a structure in which an 
organic semiconductor layer made of pentacene is 
attached on the cyanoethyl pullulan film. Then 
the inventors measured the electrostatic 
capacitance-gate voltage characteristic, which 
will be described later, for each obtained organic 
FET. Moreover, the inventors measured the change 
of the drain current with elapsed time in a state 
in which a constant drain voltage was applied. 
[0028] As a result, it is confirmed that in 

the case of an FET in which the electrostatic 
capacitance when a negative bias gate voltage is 
applied to the gate electrode exceeds a value 
twice or greater than the electrostatic 
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capacitance when a positive bias gate voltage is 
applied, the variations in the drain current 
cannot be suppressed sufficiently and the film 
thickness of the cyanoethyl pullulan at this time 
is about 1,000 nm. Based on this fact, it can be 
supposed that if the thickness of the reformed 
layer exceeds about 500 nm, it tends to become 
more difficult to sufficiently suppress the gate 
voltage dependency of the electrostatic 
capacitance of the FET and to sufficiently prevent 
the variations in the drain current. It can be 
estimated that one of the main reasons for the 
above-mentioned trend is . that the charges become 
more likely to be injected excessively into the 
reformed layer described above when the thickness 
of the reformed layer becomes excessively great. 
[0029] In other words, it is preferable for 

the electrostatic capacitance to satisfy the 
relationship expressed by the following expression 
(mathematical expression 1) . 

[0030] In the expression, Cmin indicates the 

minimum value of the electrostatic capacitance in 
the electrostatic capacitance-gate voltage 
characteristic of the FET and Cmax indicates the 
maximum value of the electrostatic capacitance in 
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the electrostatic capacitance-gate voltage 
characteristic of the FET . 

[0031] The electrostatic capacitance-gate 

voltage characteristic (so-called C-V 

characteristic) in the present invention is 
obtained by continuously applying a negative bias 
from 10 V to -10 V to the gate electrode and 
measuring the electrostatic capacitance between 
the source electrode and the gate electrode or 
between the drain electrode and the gate electrode 
at a measurement frequency of 1 Hz to 1 kHz. 
Normally, Cmin is an electrostatic capacitance 
obtained when a positive bias is applied to the 
gate electrode. In the configuration of an FET 
when this characteristic is measured;. the gate 
electrode may be arranged in opposition to the 
source electrode or the drain electrode, or may be 
not so arranged. 

[0032] On the other hand, it is preferable 

that the curve of the rate of change of the drain 
current obtained from the drain current-gate 
voltage characteristic has a local extreme value, 
the first derivative is substantially positive, or 
the rate of change exceeds 1 when 10 seconds 
elapse after the gate voltage is applied. 

[0033] The drain current-time characteristic 
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(so-called I-t characteristic) in the present 
invention represents the change of the drain 
current continuously or intermittently measured 
during the period of time from the start of 
5 application (t=0) until 10^ seconds elapse in a 

state in which a constant gate voltage is applied 
continuously to the gate electrode. The curve of 
the rate of change of the drain current represents 
a curve obtained by normalizing the current values 

10 in the drain current-gate voltage characteristic 

thus obtained to current values at t=0 . The state 
in which the first derivative is substantially 
positive represents a state in which the rate of 
change of the drain current increases linearly or 

15 nonlinearly without decreasing significantly in 

the curve of the rate of change of the drain 
current . 

[0034] When the curve of the rate of change of 

the drain current is expressed in the form of a 

20 function exhibiting such a characteristic^ it is 

confirmed that the absolute value of the width of 
variations in the drain current with elapsed time 
can be suppressed to a sufficiently small value. 
[0035] Moreover, it is preferable for the 

25 insulation layer to be one^, to the surface or the 

surface layer of which, the hydroxyl group has 
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been introduced. When the reformed layer is fixed 
on the insulation layer by carrying out the drying 
process etc. of a solution-applied film formed by 
the application of a solution, it is preferable if 
the hydroxyl group (-0H) has been introduced in 
advance to the surface or the surface layer of the 
insulation layer because the adhesion of the 
reformed layer to the insulation layer can be 
further enhanced. 
Effect of t:he Inven-blon 

[0036] As explained above, according to the 

organic FET of the present invention, because of 
the reformed layer containing the specific 
compound containing the CN group, it is possible 
to suppress the change of the drain current with 
elapsed time after the gate voltage is applied and 
obtain a stable drain current for a long time. 
Brief Description of -the Drawings 
[0037] 

Fig.l is a sectional view schematically 
showing an important part of a configuration of an 
FET according to the present invention; 

Fig. 2 is a graph showing the drain current- 
time characteristic of each organic FET obtained 
in an example 1 and a comparative example 1; 

Fig. 3 is a graph showing the rate of change 
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of the drain current values versus elapsed time, 
the drain current values being obtained by 
normalizing the drain currents shown in Fig. 2 to 
the initial values (drain currents when voltage is 
applied) ; 

Fig. 4 is a graph showing the drain current- 
time characteristic of each organic FET obtained 
in an example 2 and a comparative example 2; 

Fig. 5 is a graph showing the rate of change 
of the drain current values versus elapsed time, 
the drain current values being obtained by 
normalizing the drain currents shown in Fig. 4 to 
the initial values (drain currents when voltage is 
applied) ; 

Fig. 6 is a graph showing the drain current- 
time characteristic of an organic FET in an 
example 3; 

Fig.7 is a graph showing the drain current- 
time characteristic of the organic FET in the 
example 3; and 

Fig. 8 is a graph showing the drain current- 
time characteristic of an organic FET in a 
comparative example 3. 
Explana'blon of Reference Numerals 
[0038] 

1 organic FET (FET) 
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2 substrate (base substrate, gate electrode) 
4 composite layer 
6 source electrode 
8 drain electrode 

10 organic semiconductor layer 

41 gate insulation film (insulation layer) 

43 reformed layer 

Best Modes for Carrying Out the Invention 

[0039] Embodiments of the present invention 

are explained in detail with reference to the 
drawings. It is assumed that the positional 
relationship among upper, lower, right, and left 
parts corresponds to that shown in the drawings . 
[0040] Fig.l is a sectional view schematically 

showing an important part in a configuration of an 
FET of the present invention. An organic FET 
(field-effect transistor) 1 comprises a substrate 
2 (base substrate) on which a composite layer 4 
composed a gate insulation film 41 (insulation 
layer) made of an insulation material and a 
reformed layer 43 are formed in this order, and a 
source electrode 6 and a drain electrode 8 are 
further arranged thereon at a predetermined 
distance from each other, and furthermore an 
organic semiconductor layer 10 is formed on and 
between the electrodes 6 and 8. 
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[0041] The arrangement of the organic 

semiconductor layer 10 is not limited to that 
shown schematically. For example, an organic FET 
having a structure, in which the organic 
5 semiconductor layer 10 is formed on the reformed 

layer 43 and the source electrode 6 and the drain 
electrode 8 are formed on the organic 
semiconductor layer 10 at a predetermined distance 
from each other, is included in the FETs of the 

10 present invention. 

[0042] The substrate 2 shown in Fig.l is made 

of a conductive material such as polysilicon or 
doped Si, and doubles as a gate electrode. 
However, a substrate having the insulating 

15 properties made of a material such as glass, 

ceramics, or plastic can be used and in such a 
case, it is necessary to provide a gate electrode 
separately in order to maintain the insulation 
among the source electrode 6, the drain electrode 

20 8 , and the organic semiconductor layer 10. 

Moreover, materials of the organic semiconductor 
layer 10 are not limited in particular provided 
the materials are organic substances having the 
semiconductor characteristic that can realize a 

25 channel structure, and for example, a polycyclic 

compound (acene) composed of four/five or more 

20 
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ortho condensed benzene rings in a linear 
arrangement such as pentacene or tetracene, 
polyalkylthiophene , thiophene oligomer, etc., can 
be used. 

5 [0043] The gate insulation film 41 is made of 

various materials that exhibit a proper dielectric 
constant and specifically, the materials include 
an inorganic dielectric such as SiOa, AI2O3, Si3N4, 
or Ti02f an organic polymer such as polyimide, 
10 Mylar, poly viny lidene fluoride, 

polymethylmethacrylate , et c . 

[0044] The reformed layer 43 is composed of a 

specific compound containing the CN group, to be 
described later, or is prepared by solidifying a 

15 polymer, which is a matrix material (base 

material), in a state in which the specific 
compound containing the CN group is dissolved, 
dispersed, or mixed therein. Polymers for the 
matrix material are not limited in particular 

20 provided the specific compound containing the CN 

group can be easily dissolved, dispersed, or mixed 
therein, as will be described later, the polymers 
can be easily dissolved in solvents as the need 
arises, and the solution thereof can be easily 

25 applied, including, for example, an acrylic resin. 

[0045] Preferably, acrylic resins are polymers 
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of (meth ) acrylic acid ester base monomers., or more 
specifically, polyal kyl (meth ) acrylat e such as 
polymethyl (meth )acrylate ( PMMA) , 

polyethyl (me th ) acrylat e , poly n- 

5 propyl (meth) acrylate, poly n-butyl (meth) acrylate, 

polyisobutyl (meth) acrylate, or polytertiary 

butyl (meth) acrylate, multifunctional 
(meth) acrylate polymers, modified (me th ) aery late 
polymers, etc. 

10 [0046] Resins other than the acrylic resins 

include, for example, copolymers of (meth ) aery 1 ic 
acid ester base monomer and monomer other than 
this, and more specifically, polymers of 
acrylamide group, polymers of aromatic vinyl 

15 compounds, etc. Moreover, examples include 

polyethylene terephthalate, polyethylene, 

polypropylene, polyvinyl chloride, various 

polyester carbonate groups, polyurethane group, 
epoxy resin group, etc. 

20 [0047] The specific compound containing the CN 

group is not limited in particular provided the CN 
group is contained in a molecule, and an example 
is a silane coupling agent modified by the CN 
group expressed by the following (chemical formula 

25 1) described above. 

[Chemical formula 2] 
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R2 

( NC4— R^— M — 

(R^) m 



[0048] An example of such a material is a 

polymer containing the cyanoalkyl group expressed 
by the following (chemical formula 2) . 
[Chemical formula 3] 



^^^^IJC^Id^ CH2 



CH20R5 CH20R5 



OR5 ORS 



ORS 



-CH3 



[0049] Here, (in chemical formula 1), 

represents the alkylene group or the polymethylene 
group whose carbon number k is 1 to 20 and the 
alkylene group and the polymethylene group may 
have an ether linkage, n represents an integer of 
1 to 2k, R^, R'^ f and R^ each represent an organic 
group whose carbon number is 1 to 20 independently 
of each other and at least one of R^, R^, and R^ 
is the alkoxy group whose carbon number is 1 to 5 
or the alkylamino group having an alkyl chain 
whose carbon number is 1 to 20, and M represents 



23 



FP04-0176 



at least one kind of atom of Si, Ti, and Al . When 
M is Si or T, m=l and when M is Al, m=0. 
[0050] In chemical formula 2, at least one of 

is the cyanide organic group such as a 
cyanoalkyl group, such as a cyanoethyl group, or a 
cyanoalkoxyalkyl group (ether linkage may be 
contained or may be not), and the rest represents 
the hydrogen atoms. Moreover, n is an integer 
between 1 and 20. 

[0051] ' Among those, one expressed by chemical 
formula 1 and the polymer (cyanoethyl pullulan) 
expressed by chemical formula 2 in which at least 
one of is the cyanoethyl group are preferable, 

and among those expressed by chemical formula 1, 
the 2 -cyanoethyl trie thoxy silane is much 
preferable . 

[0052] The reformed layer 43 may not contain a 

polymer as a matrix material but one containing 
the polymer can be used preferably. In this case, 
the concentration of the specific compound 
containing the CN group is preferably less than 50 
mass%, and much preferably, 5 to 25 mass%. 
Moreover, although the thickness dl of the 
reformed layer 43 is not limited in particular, 
the thickness is preferably 0.5 to 500 nm, and 
much preferably, 0.5 to 100 nm . 
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[0053] The thickness dl of the reformed layer 

43 may be designed properly in relation to the 
thickness d2 of the gate insulation film 41 and it 
is preferable for the thickness dl to be set so as 
to satisfy, for example, the relationship 
expressed by the following (mathematical 
expression 2) . 
d2x0 . 0005^dl^d2xi0 

[0054] It is much preferable for the thickness 

dl of the reformed layer 43 to be set so as to 
satisfy the relationship expressed by the 
following (mathematical expression 3). 
d2x0. 0005^dl^d2xl 

[0055] An example of a procedure of 

manufacturing the organic FET 1 thus configured is 
explained below. First, an n-type silicon 

substrate (for example, bulk resistivity: about 10 
Qcm) is prepared as the substrate 2, and the 
substrate 2 is thermally oxidized according to 
circumstances to form the gate insulation film 41 
composed of a thermally-oxidized film (Si02 film) 
having a thickness of about 200 nm. 

[0056] Next, a solution is prepared, which is 

an organic solvent in which the polymer for the 
matrix material and the specific compound 
containing the CN group are dissolved, or the 
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compound containing the CN group alone is 
dissolved. Organic solvents are not limited in 
particular provided the polymer and the specific 
compound containing the CN group can be readily 
dissolved and dispersed therein. For example, the 
alcohol group, the ether group, the ketone group, 
the ester group, the glycol ether group, aromatic 
compounds, petroleum ether, etc., and according to 
circumstances, monomers of the same kind of the 
polymer, for example, (meth ) acrylic acid ester 
group, aromatic vinyl compounds, etc, can be used. 
[0057] Next, the reformed layer 43 is formed 

using the solution thus prepared. The following 
two kinds of method are shown as specific methods 
for forming the reformed layer 43. 

[0058] In the first method, the solution 

prepared as described above is applied onto the 
gate insulation film 41 on the substrate 2. As an 
application method of the solution, application 
methods of spin-coating, roll-coating, die-coating, 
bar-coating, dip-coating, etc., can be used 
according to circumstances. The solution-applied 
film thus formed on the gate insulation film 41 is 
made to undergo drying under reduced pressure at 
temperatures between 60 and 200°C for, for example, 
10 minutes to 10 hours, thereby the reformed layer 
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43 is obtained. At this time, the prepared 
solution for application may contain a polymer for 
a matrix material. 

[0059] In the second method, first the 

substrate 2 having the gate insulation film 41 is. 
soaked in the solution prepared as described above. 
The solution-applied film thus obtained is heated 
at temperatures, for example, between 70 to 200°C 
for, for example, 10 minutes to 10 hours to make 
the gate insulation film to react with the gate 
insulation film 41, thereby the film is fixed on 
the gate insulation film 41 and the reformed layer 
43 is formed. At this time, it is preferable that 
prior to the 'formation of the reformed layer 43, 
the surface of the substrate 2 on which the gate 
insulation film 41 is formed be made to undergo 
the hot watering treatment to properly introduce 
the hydroxyl group to the surface or the surface 
layer of the gate insulation film 41. In this way, 
the reaction between the solution-applied film and 
the gate insulation film 41 is promoted during the 
period of heating process and the adhesion of the 
reformed layer 43 is improved. Next, after the 
heating process for forming the reformed layer 43 
is completed, it is preferable to remove the 
unreacted specific compound containing the CN 
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group contained in or attached to the reformed 
layer 43 by cleaning the surface of the reformed 
layer 43. 

[0060] Further, the source electrode 6 and the 

5 drain electrode 8 are formed by metal vapor 

deposition of Au etc. After this, the material of 
the organic semiconductor layer 10 described above 
is attached to the periphery of both the 
electrodes 6 and the electrode 8 by the vapor 

10 deposition method etc. so that the thickness is 

about 50 nm to form the organic semiconductor 
layer 10 and thus the organic FET 1 is obtained. 
The channel length is set to about 20 \im and the 
channel width is set to, for example, about 5 mm. 

15 [0061] In order to manufacture the organic FET 

1 having the above-mentioned configuration in 
which the organic semiconductor later 10 is 
provided on the reformed layer 43 and the source 
electrode 6 and the drain electrode 8 are formed 

20 thereon, after the reformed layer 43 is formed by 

application of the solution and the heating 
process of the solution-applied film, the organic 
semiconductor layer 10 is evaporated, and both the 
electrode 6 and the electrode 8 are formed thereon 

25 by metal vapor deposition. 

[0062] It is preferable for the organic FET 1 
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having the above-mentioned configuration thus 
obtained to satisfy the relationship expressed by 
the following (mathematical expression 1) 
described above. 

5 Cmax— Cmin ^2 

[0063] In the expression, Cmin represents the 

minimum value of the electrostatic capacitance in 
the electrostatic capaci tance-gat e voltage 
characteristic of the organic FET 1 and Cmax 

10 represents the maximum value of the electrostatic 

capacitance in the electrostatic capacitance-gate 
voltage characteristic of the organic FET 1. 
[0064] On the other hand, the organic FET 1 is 

useful if the curve of the rate of change of the 

15 drain current obtained from the drain current-time 

characteristic has a local extreme value, the 
first derivative is substantially positive, or the 
rate of change exceeds 1 when 10 seconds elapse 
after the gate voltage is applied. 

20 [0065] In the organic FET 1 thus configured, 

since the specific compound containing the CN 
group is contained in the reformed layer 43, the 
charges that can be captured by the trap level 
that appears in the organic semiconductor layer 10 

25 can be caused to move so as to be injected from 

the vicinity of the boundary surface between the 
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organic semiconductor layer 10 and the gate 
insulation film 41 to the specific compound 
containing the CN group. Due to this. Coulomb 
scattering the carriers in the channel structure 
5 would undergo, if charges were captured by the 

trap level, is reduced drastically. Therefore, 
the drain current can be sufficiently prevented 
from markedly decreasing as time elapses in the 
organic FET 1. 

10 [0066] If the specific compound containing the 

CN group is such one expressed by chemical formula 
1, it becomes easier to prevent the charges from 
excessively moving from the organic semiconductor 
layer 10 to the reformed layer 43 and the problem 

15 of the formation of a significant amount of holes 

in the channel from arising. Therefore, the state 
of the charges in the vicinity of the channel can 
be kept stable and the variations in the drain 
current can be prevented much efficiently than 

20 before. 

Examples 

[0067] The present invention is explained in 

detail below with reference to examples, but the 
present invention is not limited to these examples. 
25 <Example 1> 

[0068] A highly-doped n-type silicon (bulk 
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resistivity: 10 Qcm) substrate that doubles as a 
gate electrode, on which a thermally-oxidized film 
having a thickness of about 400 nm is formed as a 
gate insulation film, is prepared and is cut into 
5 a 25 mm by 10 mm rectangle. On the other hand, a 

polymer mixture of PMMA and CR-S (cyanoethyl 
pullulan -S type) manufactured by Shin-Etsu 
Chemical Co., Ltd. is dissolved in a solvent 
(acetone: methyl ethyl ketone: acetonitrile = 2: 

10 1: 1) so that the concentration of the polymer is 

1 wt%, and thus a solution is obtained. This 
solution is spin-coated to a silicon chip at a 
rotation speed of 1, 000 rpm, and then is made to 
undergo drying under reduced pressure at SO^'C for 

15 an hour, and thus a reformed, layer is obtained. 

The thickness of the obtained reformed layer is 50 
nm . 

[0069] Then, pentacene, which is a material of 

an organic semiconductor layer, is evaporated onto 

20 the reformed layer at a film forming speed of 0.1 

nm/sec, and thus an organic semiconductor layer 
having a thickness of about 50 nm is formed. 
Further, an Au film having a thickness of about 
100 nm is evaporated onto the organic 

25 semiconductor layer and a source electrode and a 

drain electrode are formed, and thus an organic 
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FET is obtained. By the way, the channel length 
is set to 20 ym and the channel width is set to 5 
mm. In the present example 1, plural organic FETs 
having different concentrations of CR-S contained 
5 in the reformed layer (9 mass%, 23 mass%, 50 mass%, 

83 mass%, and 100 mass%; 100 mass% means that the 
mass% of PMMA=0, that is, the reformed layer is 
made of only CR-S) are manufactured by properly 
varying the amount of PMMA and CR-S dissolved in a 
10 10% ethanol solution. 

<Comparative example 1> 

[0070] An organic FET is obtained in the same 

manner as that in the example 1 except in that an 
application solution is prepared without using CR- 

15 S, that is, a layer made of only PMMA not 

containing the specific compound containing the CN 
group is formed on a gate insulation film. In 
other words, the layer on the insulation layer in 
the FET in the comparative example 1 is made of 

20 100 mass% PMMA. 

<Example 2> 

[0071] Plural organic FETs having the reformed 

layer of which differs in thickness variously (10 
nm, 29 nm, 98 nm (two), and 1,100 nm) are 
25 manufactured in the same manner as that in the 

example 1 except in that a solvent in which 
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acetonitrile : N, N ' -dimethyl formamide =1: 1 is 
used and that the conditions of drying under 
reduced pressure after the spin-coat are that the 
temperature is 120*^C and the time is one hour. At 
5 this time, the concentration of CR-S contained in 

the reformed layer is fixed to 100 mass%- The 
channel length of the organic FET having a 
thickness of 10 nm is set to 50 pm. 
<Comparative example 2> 

10 [0072] An organic FET is manufactured in the 

same manner as that in the example 2, by which the 
organic FET having the reformed layer of which has 
a thickness of 1,100 nm is obtained, except in 
that a gate insulation film is not provided, that 

15 is, a CR-S layer having a thickness of 1,100 nm is 

formed as an insulation layer. 
<Example 3> 

[0073] A silicon substrate chip similar to 

that in the example 1 is left in a boiling water 

20 for five hours. Next, each of the silicon 

substrate chips is soaked in a solution of 10 
mass% ethanol of 2 -cyanoethyl t r iethoxy silane for 
one hour and a dehydration polymerization reaction 
is caused to occur by keeping it in a state of 

25 being heated to 100°C. Then, each silicon 

substrate chip is cleaned with ethanol and is made 
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to undergo drying under reduced pressure at 80°C 
for one hour after the 2-cyanoethyltr iethoxy 
silane that has not reacted is removed, and thus a 
reformed layer is obtained. The thickness of the 
5 obtained reformed layer is 1 to 2 nm. 

<Comparative example 3> 

[0074] An organic FET is obtained in the same 

manner as that in the example 3 except in that an 
application solution is prepared without using 2- 
10 cyanoethyltriethoxy silane. 

<Characteristic evaluation 1> 

[0075] The drain current-time characteristic 

(I-t characteristic) of each organic FET obtained 
in the example 1 and in the comparative example 1 

15 is measured by the above-mentioned method. The 

result is graphed and shown in Fig. 2. In the 
figure, the values denoted in units of mass% 
represent the concentration of CR-S in the 
reformed layer. Fig. 3 is a graph showing the 

20 change of the drain current values normalized to 

the initial values (drain current when voltage is 
applied), that is, the rate of change of the drain 
current with respect to elapsed time. 

[0076] From these results, an increase in the 

25 drain current due to the presence^ of the reformed 

layer containing CR-S on the insulation film is 
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recognized. Moreover, it is found that during the 
period of time from the application of the gate 
voltage until about 10^ seconds elapse, the rate 
of change of the drain current remains in the 
5 range between about -0.5 and 1.2 compared to the 

initial value. As shown in Fig. 3, when the 
concentration of CR-S is equal to or greater than 
83 mass%, a local maximum is recognized in the 
graph showing the rate of change of the drain 

10 current. However, when the concentration is 5 to 

50 mass%, no local maximum is recognized in the 
graph showing the rate of change of the drain 
current and it is understood that the variation 
width thereof can be reduced comparatively and it 

15 is found that the absolute value can be increased 

properly. Moreover, it is also confirmed that the 
drain current is small in the organic FET in the 
comparative example 1, when the concentration of 
CR-S is equal to or greater than 83%, the change 

20 of the drain current in a short time is 

considerably large, and the trend in the 
decreasing direction after the local maximum is 
marked . 

<Character i St ic evaluation 2> 
25 [0077] The drain current-time characteristic 

(I-t characteristic) of each organic FET obtained 
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in the example 2 and in the comparative example 2 
is measured by the above-mentioned method. The 
results are shown in Fig. 4. The values denoted in 
units of nm represent the thickness of the 
reformed layer (thickness of the CR-S layer as an 
insulation layer in the comparative example 2). 
Fig. 5 is a graph showing the change of the drain 
current value normalized to the initial value 
(drain current when voltage is applied), that is, 
the rate of change of the drain current with 
respect to elapsed time. 

[0078] From these results, it can be 

understood that in the organic FET in the example 
2, the rate of' change of the drain current is 
reduced considerably compared to that in the 
comparative example 2. In the case where the 
thickness of the reformed layer is 1,100 nm, the 
rate of change when 100 seconds elapse after the 
gate voltage is applied becomes relatively large, 
and if the result of the organic FET having the 
different thickness of the reformed layer from 
that is taken into consideration, it can be 
estimated that in the case of the example 2, when 
the thickness of the reformed layer is about 500 
nm, the rate of change (width) of the drain 
current with elapsed time tends to increase 
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<Characterist ic evaluation 3> 

[0079] The drain current-time characteristic 

(I-t characteristic) of each organic FET obtained 
5 in the example 3 and in the comparative example 3 

is measured by the above-mentioned method. The 
measurement is conducted under conditions that 
both the gate voltage and the drain voltage are - 
lOV. Fig. 6 and Fig. 7 are graphs showing the drain 

10 current-time characteristic (I-t characteristic) 

of the organic FET in the example 3 and the 
dynamic range of the horizontal axis differs from 
each other. From these results, it is confirmed 
that in the organic FET in the example 3 according 

15 to the present invention, even when 12 hours 

elapse after the gate voltage is applied, a small 
rate of change of the drain current of about +30% 
compared to the initial value occurs. 

[0080] On the other hand. Fig. 8 is a graph 

20 showing the drain current-time characteristic (I-t 

characteristic) of the organic FET obtained in the 
comparative example 3. The dynamic range of the 
horizontal axis in Fig. 8 is about 15 seconds and 
it can be understood that the rate of change of 
25 the drain current in an extremely short time in 

the organic FET in the comparative example 3 is 
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incommensurably greater than that shown in Fig. 6 
and Fig . 7 . 

Industrial Applicab±l±t:y 

[0081] The present invention can be used for a 

field-effect transistor (FET) and, more 

particularly, for an FET comprising a 

semiconductor layer containing organic substances. 
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